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If in doubt always refer to the original 


equipment manufacturer. 


Refer at all times to the "safety procedure" on 


pages 3 and 39. 
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INTRODUCTION 

It would be a virtually impossible 
task to try to document the cause and 
remedy of every possible fault that 
could occur on even the simplest 
hydraulic system. For this reason it is 
necessary to adopt a logical approach 
to troubleshooting, in order to locate a 
fault as quickly and accurately as 
possible. Down time on modern 
production machinery is very 
expensive, so an hour saved in locating 
a problem may make hundreds, or 
sometimes thousands, of pounds 
worth of saving in lost production. 


evan hydraulic systems are 








1. The hit and miss approach. 


becoming more and more complex as 
methods of controlling machines 
become increasingly sophisticated. 
The last ten years has seen rapid 
technological advances in the 
components used in many hydraulic 
systems, and it is vital that 

equipment, or machine manufacturer's 
service information or 'software' keeps 
pace with the actual hardware being 
used. 


It is probably true to say that 
there is still a general lack of under- 
standing of Hydraulics in some areas 
of industry, and in reality, the job of a 
hydraulic maintenance engineer is now 
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| 
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a specialised occupation with many 
similarities to that of an instrument or 
electrical engineer. 


The object of this book is to provide 
procedure for a logical approach to 
troubleshooting, which can be 
extended when necessary to cover 
specific machines in all areas of 
industry. The fundamentals around 
which this procedure is developed, ie. 
The control of flow, pressure and 
direction of flow, applies equally as 
well to a rolling mill in a steelworks or a 
winch drive on a trawler. 


THE HIT AND MISS APPROACH 

The only alternative to a logical 
troubleshooting method is the 'hit and 
miss' approach, where units are 
changed at random until the failed 
component is located. Eventually the 
problem may be found, but on all but 
the simplest of systems this method 
proves to be expensive in terms of time 
and money. It is usually the case that a 
large number of perfectly servicable 
units are changed before the right one 
is found. 


As with all troubleshooting tech- 
niques, knowledge of components and 
their function in a system is vitally 
important. It is probably fair to say that 
when all the components of a hydraulic 
system have been identified, their 
function determined, and the operation 
of the system as a whole understood, 
the troubleshooter has gone 51% of 
the way towards finding the problem. It 
is important therefore, that to make use 
of this book effectively, a good under- 
standing of the basic principles of 
hydraulics together with a knowledge 
of the operation and application of 
hydraulic components should first be 
obtained. 


SHUTTING DOWN MACHINES 
Whenever servicing work is carried 
out on a hydraulic system, the 
overriding consideration should be one 
of safety; to the maintenance engineer 
himself, his colleagues, and the 
machine operators. Although safe 
working practices rely largely on 
common sense it is very easy to over- 
look a potential hazard in the stress of 
a breakdown situation. Maintenance 
personnel should therefore discipline 
themselves to go through 5 set 
procedure before commencing any 
work on a hydraulic system. Because 
hydraulic fluid is only slightly 
compressible when compared with 
gas, only a relatively small amount of 
expansion has to take place to release 
the static pressure: however, where 
compressed gas can be present in a 
hydraulic system, either through 
ineffective bleeding, or where an 


2.Safety procedure for shutting down machines. 






LOWER OR 
MECHANICALLY 
SECURE 
ALL SUSPENDED 
LOADS 







EXHAUST ANY 
PRESSURE 
LOCKED IN 

THE SYSTEM 


DRAIN DOWN 
ALL 
ACCUMULATORS 


DISCHARGE 


BOTH ENDS OF 
INTENSIFIER 


ISOLATE THE 
ELECTRICAL 
CONTROL 
SYSTEM 


ISOLATE THE 
ELECTRICAL 
POWER 
SUPPLY 
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accumulator is fitted, extra care must 
be taken to release the pressure 
gradually. 


LINE SERVICE 

When adopting service or trouble- 
shooting procedures, it is useful to 
define three distinct areas, similar to 
those used in the armed forces, ie. first, 
second and third line service. 


First Line 

Service or troubleshooting carried 
out on the machine itself and resuiting 
in the failed component being 
identified and repaired whilst still in 
situ, or replaced. 


Second Line 

Investigation and repair of a failed 
Or suspect component away from the 
machine, possibly in a user's own 
workshop. 


Third Line 

Investigation, overhaul and re- 
test of a component carried out at 
the ied i factory or service depot. 


3. Line service. 


It should be the responsibility of the 
maintenance manager to decide where 
the dividing line is drawn between each 
area for his particular equipment. For 
example, if a pump fails on a system it 
may be possible to repair the unit 
whilst still on the machine ie. first line 
service. In another case it may be 
necessary to replace the unit with a 
new one sending the failed pump to a 
workshop or second line area where a 
decision can be made either to repair, 
return to manufacturer (third line), or if 
the unit has reached the end of it's 
useful life, to scrap it. Obviously 
several factors will affect this decision, 
such as spares availability, time 
factors etc. but wherever the line is 
drawn, the procedure should be clearly 
defined for the benefit of maintenance 
personnel. 


This book is confined to the first 
line area ie. working from a fault to the 
failed component. Second line service 
information can be found in other 
Vickers publications together with 
details of specialist test equipment. 


First line Service 
Repair on site 


Third line Service 


Second line Service 


Repair in workshop 


REPAIRS 


Manufacturers repair service 





CHECKING FAULTS | 
The troubleshooting procedure in 
this book will endeavour to answer the 
following questions: | 


What Do | Check? | 

Which things сап be measured in a 
hydraulic system that will indicate 
where the problem lies? A doctor will 
very often check a patient's heartbeat 
and temperature when making a 
diagnosis, to what do these correspond 
in а hydraulic system? — 


What Dol Check With? | 

Knowing what to check, it is then 
necessary to determine any special 
instruments or equipment that will be 
required (corresponding to the doctor's 
stethoscope and thermometer). 


Where Do І Check? 

Whereabouts in a hydraulic system 
is it necessary to carry out the checks 
and which should be done first? As 
mentioned, a doctor will very often 
check a patient's heartbeat ie. the 
human pump; should the hydraulic 
pump be checked first? — | 





























What Do | Expect to Read? 

Having taken a measurement at a 
certain point in a system, it is obviously 
necessary to know what the correct 
reading should be in order to draw 
conclusions if the reading is any 
different from normal. Again a doctor 
knows that the body temperature 
should be 37°C so if there is any 
variation a diagnosis can be made. 


What Do | Check? 

A hydraulic system is a means of 
transmitting and controlling power. 
Mechanical power is a function of force 
multiplied by distance moved per 
second or force x velocity. If a 
hydraulic actuator is considered as a 
device to convert hydraulic power to 
mechanical power, then the force (or 
torque) exerted by the actuator is 
governed by the applied Pressure and 
the velocity (or angular velocity) is 
governed by the F/ow rate. It follows 
therefore that Flow and Pressure are 
two basic elements of a hydraulic 
system that control the power output. 
In engineering terms, velocity usually 
implies both speed and direction, 





4. Checking faults. 


speed, as discussed being controlled 
by flow rate and the direction of the 
actuator movement being controlled by 
the Direction of flow. 


The three factors therefore that 
transmit and control power in a 
hydraulic system are: 

Flow 
Pressure 

and Direction of flow 
and it follows that in order to assess 
the performance of a hydraulic system 
one or more of these factors will have 
to be checked. In order to decide which, 
it is necessary to obtain the full facts of 
the problem. 


Very often when a problem is 
reported on a machine, it is described 
in vague terms such as "lack of 
power". As previously mentioned, 
power is a function of both force and 
velocity and it is necessary to define 
the problem in terms of one or the other. 
In practice, relevant questions must be 
asked in order to determine exactly 
what the problem is ie. when lack of 
power is reported does it mean that the 


What do | check? 
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Where do | check? 


actuator is moving too slowly, or is it 
not giving the required force or torque? 


Having defined the problem as one 
of Speed, Force (Torque) or Direction it 
is now possible to define the hydraulic 
problem as one of Flow, Pressure or 
Direction. 


Although the troubleshooting 
procedure is based upon checking 
flow, pressure and direction, there are 
other aspects of a system which can be 
measured both as an aid to locating a 
failed component and also to 
determine the reasons for a component 
failure. Such properties are: 


— Negative pressure (vacuum), 
especially in the area of the pump 
inlet to check for problems in the 
suction line. 


— Temperature, 
generally when one component or 
part of a system is hotter than the 
rest, it is a good indication that flow 
is taking place. 


What do | check with? 


What do | expect to read? 
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- Noise, 
when checked оп а regular or 
routine basis is a good indicator of 
pump condition. 


— Contamination level, 
when repeated problems occur the 
cleanliness of the fluid should 
always be checked to determine the 
cause of the failures. 


INSTRUMENTATION PRINCIPLES 
AND MEASURING INSTRUMENTS 
What Do | Check With? 

When an electrician checks an 
electrical circuit, he usually has 
available a meter that will measure 
electric current and voltage. In a 
hydraulic system the voltage 
corresponds to the pressure, and is 
usually measured with a pressure 
gauge, the current corresponds to the 
flow and із usually measured with a 
flow meter. Although the electricians 


. ... А 
meter will measure positive or negative 


voltage, if the hydraulic engineer 


wishes to measure a negative pressure 


ie. vacuum, then a separate instrument 
| 


is required namely a vacuum gauge. To measure the general system 
temperature a temperature gauge 
can be immersed in the fluid 
reservoir (sometimes incorporated 
with the level gauge). Very often the 
temperature gauge incorporates a 
switch to give a warning if the fluid 
temperature is too low or too high. 


Apart from the basic requirements 
of a pressure gauge, vacuum gauge 
and flow meter, there are several other 
instruments that can prove useful to 
the hydraulic engineer ie: 


- Pressure Transducer and Recorder. 
If the pressure in a system needs to 
bé measured to an accuracy greater 
than that which can be obtained 
with a pressure gauge, or if transient 
pressure peaks or shocks need to be 
measured then a pressure 
transducer can be used which 
produces a varying voltage 
according to the pressure applied. 


— Thermocouple 
Temperature can be measured 
locally in a system by means of a 
thermocouple. If one part of a 
System is very much hotter than the 
rest it is a good indication that 
power is being wasted (such as a 
leakage point). 


— Noise Meter 
Excessive noise is again a good 
indication of a fault in a system 
especially the pump. In the middle 
of a noisy factory it may be difficult 
to judge whether a pump is more 
noisy than usual, so a noise meter 
enables a comparison to be made 
between a suspect pump and a new 
pump. | 


— Measuring Jar and Stopwatch 
For measuring very small flows such 
as leakage a graduated jar and 
watch may be used. This can very 
often give a more accurate reading 
than a flow meter working at the 
battom of it's range. 


- Temperature Gauge or Thermometer 


5. instrumentation principles. 





IN AN ELECTRICAL 
CIRCUIT THE CURRENT 
AND VOLTAGE ACROSS 
ANY COMPONENT CAN 
BE EASILY CHECKED 
WHEN FAULT FINDING 





IN A HYDRAULIC SYSTEM: 


THE 'VOLTAGE' CORRESPONDS 
TO THE PRESSURE 


THE 'CURRENT' CORRESPONDS 
TO THE FLOW 


А 


ee ,,— SO@——Ə—— -<=>Doə 


AND IS USUALLY 
MEASURED BY A 
PRESSURE GAUGE 


Y 








—————— 


AND IS USUALLY 


c > MEASURED CAS 
BY A 
T ——— — FLOW METER 


— Particle Counter Considering the two basic 
The condition of the system fluid requirements of pressure/vacuum 
from a contamination point of view gauges and flow meters, thought 
is obviously a major factor in the life should now be given on how they are to 


and performance of a system. In be connected into the system, bearing 
trying to determine the reasons fora іп mind the type of instrument 
component failure it may be concerned. 


necessary therefore to measure the 
cleanliness of the fluid. Although 
equipment may not be available on 
site to check the fluid, such a 
service is offered by most of the 
major fluid suppliers and filter 
manufacturers. 


6. Measuring instruments. 


SYSTEM PRESSURE IS USUALLY 

MEASURED WITH A PRESSURE 

GAUGE = 
FOR VERY ACCURATE 


MEASUREMENT OF PRESSURE OR. 
FOR MEASURING TRANSIENT 
PRESSURE SHOCKS. A PRESSURE 
TRANSDUCER AND RECORDER MAY 
BE USED. 


FLOW IS USUALLY MEASURED BYA 
FLOW METER WHICH CAN BE OF 
SEVERAL DIFFERENT TYPES 





A MEASURING JAR AND 
STOPWATCH MAY BE USED 


TEMPERATURE IS USUALLY 

MEASURED WITH A THERMOMETER (D 
OR TEMPERATURE GAUGE = 
FOR CERTAIN APPLICATIONS А 

THERMOCOUPLE AND ELECTRICAL 

METER IS USED TO MEASURE 

TEMPERATURE 


NOISE CAN BE MEASURED WITH A 


NOISE METER AK 
5 Ce 


FOR VERY SMALL FLOWS (e.g. N m 
LEAKAGE) | 
б 


FLUID CONTAMINATION САМ ВЕ 
MEASURED BY A PARTICLE 
COUNTER 
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Pressure Gauges 

Pressure gauges are usually of the 
Bourdon Tube type consisting of a 
curved tube attached to a pointer. 
When pressure is applied to the curved 
tube, it tends to straighten out, exactly 
asa garden hose does when the tap is 
turned оп. Ав the tube straightens, the 
pointer is moved around the dial, 
indicating the applied pressure. Being 
a delicate instrument, it is necessary to 
protect the gauge as much as possible 
from pressure shocks in the system. 
Usually some form of snubber 
arrangement is fitted to the stem of the 
gauge, and the complete case may be 
filled with glycerine to damp down 
vibrations. 


Pressure gauges are available in 
several different ranges and obviously 
a gauge must be chosen to suit the 
expected pressure reading (if in doubt 
as to what the pressure is likely to be, 
start with a high pressure gauge first). 
Most pressure gauges however tend to 
be more accurate around half scale 
deflection ie. a 0 — 100 bar gauge would 
be most accurate around pressures of 
50 bar. 


| 
7. Pressure gauges. 


Pressure Gauge Installation 

There are several ways of 
connecting a pressure gauge into a 
system as follows: 


1. The gauge can be directly 
connected into the pipework by means 
of a 'tee' piece. Obviously the gauge 
will be subject to all the pressure 
shocks in the system so over a period 
of time the accuracy will inevitably 
drop off. 


2. The gauge can be installed with an 
isolating valve so that the valve is only 
opened when a pressure reading needs 
to be taken and the gauge is normally 
isolated from shocks in the system. 


З. A venting isolation valve may also 
be used normally of the ‘push-to-read’ 
or 'twist-to-read' type which both 
isolates the gauge from the system and 
also vents the gauge to tank when the 
button is released. 


4. Amulti-station isolating valve 
allows the pressure to be read at six 


different points in the system using 
only one pressure gauge. The valve is 
also usually of the push-to-read type, 
venting the gauge when the button is 
released. 


5. Most hydraulic units are provided 
with gauge points in inlet and outlet 
ports usually a screwed plug. If the 
system designer has not allowed fora 
gauge to be permanently installed ina 
part of the system it is usually possible 
to connect one in without having to 
disturb pipework etc. provided the 
gauge points can be identified. 


6. Quick release, self sealing test 
points can be provided around the 
system (or even connected into unit 
gauge points) allowing the 
maintenance engineer to check 
pressure in the system with a portable 
gauge kept in his toolbox, fitted with 
the appropriate male probe. (By 
connecting the male probe to the test 
point without a pressure gauge, they 
can also be used for bieeding air from 
the system.) 


TUBE TENDS TO 


STRAIGHTEN UNDER 
PRESSURE CAUSING 
POINTER TO ROTATE 


CASE MAY BE 


FILLED WITH 


GLYCERINE TO 
AID DAMPING 


BOURDON TUBE 


POROUS ELEMENT 


PRESSURE INLET 


SNUBBER ARRANGEMENTS 
METERING 


RESTRICTS FLOW PIN 


RESTRICTED OPENING 





THREADED PLUG 


LONG, NARROW, 
SPIRAL PASSAGE 
FOR FLOW 





8.Ргеввиге gauge installation. 


1 PRESSURE GAUGE PERMANENTLY 
INSTALLED IN PIPEWORK 


4 PRESSURE GAUGE INSTALLED WITH 


MULTI-POINT SELECTOR VALVE 


Flow Meter 

Flow meters are available of several 
different types such as the float type or 
turbine type as illustrated in fig 9. In 
addition, test units are available which 
combine flow meter, pressure gauge 
and temperature gauge in one portable 
unit. In practice, flow meters are rarely 
connected into a system permanently 
since flow setting in a system is 
usually accomplished by measuring 
the speed of an actuator. When it is 
necessary to check flow in a system 
however, careful consideration should 
be given to the positioning of the flow 
meter in the system. 


Flow Meter Installation 

Flow meters may be installed in a 
hydraulic system to check while the 
machine is operating normally (on-line) 
or while the machine is shut down for 
maintenance purposes (off-line) 


Fig. 11a illustrates a flow meter 
installed in the main flow line from the 
pump. By incorporating two 3-way 
valves in the line, a flow meter can be 


2 PRESSURE GAUGE INSTALLED WITH 
SHUT-OFF VALVE 


5 PRESSURE GAUGE PLUGGED INTO 
UNIT GAUGE POINT 


connected in to the system and the 
3-way valves selected to divert flow 
through the meter. The meter used 
must obviously be capable of 
withstanding the full system pressure 
and flow. The meter reading will 
indicate the flow available to the 
system, but if the reading is less than 
specification it is not immediately 
apparent whether the pump is giving 
less flow than required or the relief 
valve is leaking a proportion of the 
pump flow to tank. If a problem is found 
however, the list of possible causes 
has been narrowed down to two units, 
and a check on the tank return line 
from the relief valve should then 
confirm which of the two units is at 
fault. 


In the case of a variable pump, the 
pump output flow will only be that 
actually required by the system at any 
time. A good indication of pump 
performance however, can be obtained 
by measuring the internal leakage in 
the pump ie. measuring the case drain 
flow as indicated in fig. 11b. A certain 


3 PRESSURE GAUGE INSTALLED WITH 
VENTING ISOLATION VALVE 


6 PRESSURE GAUGE PLUGGED INTO 
SYSTEM TEST POINT 





amount of case leakage is inherent on 
brand new pumps (caused by design 
clearances, lubrication drillings etc.) So 
it wil! be necessary to compare the 
leakage actually measured with that 
for a pump within full specification. 
When measuring case leakage it is 
important that it is done under steady 
state conditions, ie. with the pump 
delivering a constant volume. The flow 
meter required will only have to 
withstand pump case pressure 
(normally around 0.3 bar) and very low 
flows so in fact a measuring jar and 
stopwatch may be used. It is important 
however that the drain line is NEVER 
allowed to be blocked off. 


Fig. 12a illustrates a typical off-line 
arrangement. The addition of two shut- 
off valves in the system allows the 
system itself to be isolated and the 
pump flow diverted through the flow 
meter. Again a low pressure meter can 
be used since the pump flow is 
measured at low pressure although 
this may not give a true indication of 
the pump output at normal working 
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9. Flow meters. 


3 AN ELECTRONIC DEVICE WILL 
BE CONNECTED TO THE SENSOR 
TO CONVERT THE PULSES TO FLOW 
RATE INFORMATION 


2 SENSING DEVICE DEVELOPS 
AN ELECTRICAL SIGNAL EVERY 
TIME A TURBINE BLADE PASSES 


FLOW THROUGH TUBE FLOW RATE IS 
CAUSES INDICATOR TO ___ | READ DIRECTLY ON 
RISE IN TUBE ДІН) = SCALE OF INDICATOR 


1 FLOW CAUSES TURBINE TO 
SPIN AT RATE DETERMINED BY 
THE RATE OF FLOW. 


FLOAT TYPE TURBINE TYPE 








11.Flow meter installation (on-line). 


MEASURES PUMP OUTPUT 
AT NORMAL SYSTEM 
PRESSURE 


DOES NOT ALLOW FOR 
RELIEF VALVE LEAKAGE 


MONITORS PUMP 


MEASURING CASE 
LEAKAGE 


| | PERFORMANCE BY 


pressure. As mentioned previously, а 
flow deficiency could be caused by low 
pump output or relief valve leakage SO 
a further check will be required if this is 
the case. It is possible to incorporate a 
restrictor in the flow meter line in order 
to develop pressure, in which case of 
course, a high pressure meter will be 
required. 


If the output from the pump unit 
proves to be satisfactory, it may be 
necessary to connect flow meters into 
other areas of the system. Again the 
addition of isolating valves as 
illustrated in fig. 12b considerably 
simplifies the operation 


Whenever a flow meter is 
connected into a system, it is vital to 
ensure that the pump always has 
direct access to the relief valve, and 
the relief valve tank line is never 
allowed to be blocked off or unduly 
restricted. 


10. Hydraulic test unit. 
















A HYDRAULIC 
TEST UNIT 
COMBINES 





PRESSURE 
GAUGE 


TEMPERATURE 
GAUGE 


AND FLOW 


12.Flow meter installation (off-line). 


MEASURES PUMP OUTPUT 
AT LOW PRESSURE. 


DOES NOT ALLOW FOR 
RELIEF VALVE LEAKAGE 





MEASURES FLOW 
AVAILABLE AT ACTUATOR 
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Where Do | Check? 

& What Do | Expect to Read? 
When considering failures ina 

hydraulic system there can be two 

alternative starting points namely: 


a. Machine Malfunction — 
where a fault occurs in a hydraulic 
system causing a malfunction on 
the machine itself ie. an actuator 
fails to operate correctly. 


b. System Malfunction — 
where a fault occurs in the hydraulic 
system without necessarily 
affecting the machine performance 
in the stor term, eg. excessive 
leakage, temperature etc. 


The two can of course occur 
together, for example a pump failure 
would result in the machine failing to 
operate correctly and would most likely 
be accompanied by an increase in 


13. Machine faults. 


MOVEMENT WHERE THERE 
SHOULDN'T BE 
] 


(d 


12 
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noise level. Experience has shown that 
it is usually better to start at the 
fundamental problem and work 
through the checking procedure, using 
symptoms such as heat, noise, leakage 
etc. as clues. 


Again common sense must prevail 
when working through this procedure, 
as some symptoms may point straight 
to the problem area. A fountain of oil 
gushing from a valve points 
immediately to the problem area, but 
some symptoms may not be so 
obvious. When a unit leaks flow from 
high to low pressure heat is usuaily 
generated locally in that part of the 
system, which may not be immediately 
obvious. 


Whichever the starting point, certain 
questions should be answered before 
proceeding. When a problem is 
reported, it is important to gather as 


INCORRECT 


ERRATIC THRUST 


MOVEMENT 


Nà 





many facts together as possible. It 
could be that the same problem 
occured six months ago and is 
recorded somewhere on a log sheet or 
record card in which case a good deal 
of time can be saved. It should be 
ascertained whether any recent 
maintenance work or adjustments have 
been made to the system. The exact 
nature of the failure should be 
determined, was it a sudden or gradual 
breakdown, which parts of the machine 
have been affected and which have 
not? It may be difficult always to get 
the complete story, but an effort should 
be made to gather as much information 
as possible. 


The philosophy of the trouble- 
shooting procedure is to start at the 
fundamental problem and determine 
which aspect of the hydraulic system is 
at fault; flow, pressure or direction. By 
consulting the circuit diagram, a list of 


possible causes сап be drawn up. Тһе 
next stage is to then look for the 
obvious. It is perhaps human nature 
when faced with a challenging problem 
to search too deeply too quickly, in the 
process overlooking, what in hindsight, 
appears a very obvious solution. There 
are certain checks that can be carried 
out on a hydraulic system using the 
human senses of sight, touch and 
hearing and which can be carried out 
very quickly. If a rigid procedure is 
adopted each time it will ensure that no 


obvious or apparently trivial problem is 
overlooked. In practice very many 
problems will be solved at this stage 
without having to resort to additional 
instrumentation. 


Only if this stage fails to reveal the 
problem is it necessary to resort to 
extra pressure gauges, flow meters etc. 
and again a logical approach should be 
adopted using the algorithm charts in 
this book. 


14. Machine malfunction procedure. 


MACHINE MALFUNCTION 
Step 1 


An actuator can fail to operate correctly in the 
following ways: 



















INCORRECT SPEED 
INCORRECT THRUST 

NO MOVEMENT 

MOVEMENT IN THE WRONG DIRECTION 
ERRATIC MOVEMENT 

INCORRECT SEQUENCE 

CREEP 





Whichever fault or faults have occurred, the 
fundamental problem area should be defined 
where possible as one of FLOW, PRESSURE or 
DIRECTION. 


Step 2 


From the circuit diagram each component in 
the system can be identified and its function in 
the system determined. 










Step 3 


A list of units that can possibly affect the 
problem area can now be drawn up. e.g. А 
slow actuator speed can be defined as a 
problem of FLOW (even though this may in 
turn be due to lack of PRESSURE, the 
fundamental problem area is FLOW). A list of 
units that can possibly affect flow to the 
actuator (including the actuator itself) is 
drawn up bearing in mind that, for example a 
leaking or wrongly adjusted relief valve (i.e. а 
PRESSURE control valve) could affect flow to 
the actuator. 


Step 4 


The list of units can be arranged in rough order 
of priority based on past experience and also 
ease of checking. 











Step 5 











A preliminary check can now be carried out on 
each unit on the list in turn to check such 
things as installation, adjustment, signals etc. 
and also to determine if any unit exhibits 
abnormal symptoms such ав excessive 
temperature, noise, vibration etc. 


Step 6 


If the preliminary check does not reveal the 
unit at fault, a more exhaustive test on each 
unit can be carried out using additional 
instrumentation but without removing any 
unit from the system. 


Step 7 










The instrument checks should now reveal the 
failed unit and a decision can be made 
whether to repair or replace the unit at fault. 


Step 8 


Before re-starting the machine, thought 
should be given to both the cause and the 
consequence of the failure. If the failure was 
caused by contaminated or over-heated fluid 
then further failures can be expected and 
remedial action should be taken. If a pump has 
broken up on a system there is a possibility of 
pump debris having entered the system which 
should be thoroughly cleaned out before a 
new pump is fitted. 


THINK ABOUT WHAT CAUSED THE FAILURE 
AND ANY CONSEQUENCES OF IT. 
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15. Machine faults. 


zi uH Es 


5 CIRCUIT 
DIAGRAM 


LIST OF 
3 UNITS TO 
BE CHECKED 


Step 


uad 





WOE) iJ 


| 
| 


Algo's A toL 


A 
ош |) 


Algo’s 
О.Л to 0.5 


16. System faults. 








| М 
LEAKAGE | > -— 
wore 
| I M ` 





| 
k е ` д | 
ПА < 


he 


c 


SYSTEM MALFUNCTION 


A hydraulic system may exhibit symptoms of 
excessive heat, noise, vibration or leakage 
without necessarily affecting the machine 
performance in the short term. 


Whichever the problem, a preliminary check 
can be carried out to try and identify the 
problem area by using the human senses of 
sight, touch and hearing. 





NIK 
шев 


11. System malfunction 





AS 


A unit may exhibit abnormal symptoms due to 
a problem elsewhere in the system e.g. 
cavitation or aeration on a pump inlet line. In 
this case the FAULT, CAUSE, REMEDY (F.C.R.) 
charts can be used to locate the problem area. 


If the problem is not identified by the 
preliminary check, then a more exhaustive 
check must be carried out on suspect units and 
a similar procedure to the 'Machine Fault' 
exercise can be carried out. 
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18. System faults. 
















PRELIM. 
CHECK 
Algo 0.3 


PRELIM. 
CHECK 
Algo 0.4 










Continue on Continue оп Continue on 
‘Machine Favit’ ‘Machine Fault’ ‘Machine Fault’ 
diagram step 3 diagram step 3 diagram step 3 


SYSTEM 
INSPECTION 





АЖА 


PROBLEM 
AREA 











Unit fault preliminary check 









Is the 
unit model 
number 
correct? 


NO 







YES 










Is the 
unit installed 
correctly? 


NO 












Is the 
unit 
adjustable? 





















Does the 
unit have 
an external 
signal? ` 


















Algo 0.1 


Remedy 
installation 


Re-adjust 
unit 


Check the 


signal 
source 









Does the NO Check 


















unit respond ‘he 
о the unit 
signal? 
Does the 
unit exhibit Check 
abnormal the 
symptoms? unit 
(noise, heat, etc) 





NO 


Continue 
on 


next 
chart 
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Excessive temperature 


Excessive 
temperature 














is a cooler 
fitted 
їо! the 
system? 


NO 












\/ 





Is the 

reservoir 

fluid level 
low? 










NO 


Is the fluid 
correct 


(see chart 
Algo L.2) 









| YES 






ls the 

heat focal 
to one 

unit? 





NO 


List all 
units with 


tank or 
drain returns 












Check the 
cooler 


(see chart 
Algo J. 2) 





ГЕ = = = = = acd) 


Top up 
the 
reservoir 


Drain and 
re-fill 


with correct 


fluid 









Continue 
on chart 
Algo O.1 










Continue 
on chart 
Algo O.1 





Algo 0.2 





| 
| 





| 
| 
| 
| 
і 
| 
| 


Excessive noise 


Excessive noise 








Is the noise 
associated 
with the 

pump? 


YES 






NO 









15 the 


Check system 






relief valves noise a 
i high pitched 

and repair i 
screaming 






or replace 





noise? 


NO 


Check Can the 
the noise be 
unit traced to 


one unit 





Check 
settings and 


adjustments 
of all valves 





Algo 0.3 










Is the 
reservoir 
fluid level 
too low? 


Top up 


reservoir 





NO 







Is there 
air in 
the system? 


Consult 
=> FCR 2 


NO 


Insert 
vacuum gauge 


in pump 
inlet 











Is the 
reading more 
than 5 in Hg 
(-0.21 bar) 


Pump is 
cavitating 


consult 
FCR 1 





NO 







Is the 
alignment 
correct? 


Re-align 


pump/motor 





YES 


Remove 


pump and 
examine 
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Ехс 


20 





Cd 


essive vibration 















Tighten 
or 
install 
clamps 





Check 
setting and 
adjustment 

of unit 


















Excessive 


vibration 


vibration 
associated 
with the 
pump? 


NO 






Is the 
pipework 

adequately 
supparted? 






vibration 
associated 
with pne 
unit? 


NO 


Check setting 
and 


adjustment 
of all units 























Is the 
flexible 
coupling 

unbalanced? 


NO 







Is the 
alignment 
correct? 





Is the 
pump 
mounting 
correct? 







Is there 
air in 
the system? 


NO 


Remove 
pump 


and 
examine 























Algo 0.4 


Replace 
or 


repair \ 
coupling 








YES 
=? 


Tighten 
ог 


strengthen 
pump mounts 


| 
| 
| 
| | 
Re-align 
drive 
shafts 


Consult 
FCR2 











Excessive leakage 


Excessive 
leakage 


Clean down 
the 
system 







Can the 
leakage be 
traced to 
one unit? 








NO 












Can the 
leakage be 
traced to 


pipework? 


NO 









isa 


fitted to 
the system? 








NO 


Isolate each 
part of the 


system in turn 


and check 
for leaks 











one area of 


water cooler 


Algo 0.5 


Repair or 


replace 
unit 


Repair or 
replace 
pipework 






Check for 
damaged 
cooler 
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System test for gear and vane pumps 











Algo A.1 





INLET 


OUTLET & OUTLET OUTLET INLET INLET "OUTLET 





Vane pumps Intra-vane pumps 





NO 








pressure YES 


reading at 
pump outlet 


























Is the 15 pressure 
pump shaft reading normal\__Y ES 
rotating system 


pressure 




















Is the relief NO Cheek next 




















Load YES/ 15 is oe valve Is the system y 
ЖКМ. (Іі system relie i problem lack Umt on 
ызы off-loaded valve асида of flow : 


correctly 

















Is there 
motion 
taking 


Is there 
motion 
taking 

place 


Check 

pressure 
when motion 
has stopped 


Insert flow 
meter in 
pump outlet 








NO 










Is the 
drive 
rotation 
correct 


Check next 
from the unit-on 
pump correct | 


Сһеск for YES 
leakage = 
іп system 


Correct 


rotation 


| 


Re-desemble NO / ls the pump 


valve return 
line 










Check the 







Is thereaflowwEs 





















pump assembled vacuum at passing down an 
correctly correctly for the pump 
| rotation 
| x | = 
| Pump Is | 
; Is the Check 
Prime ^ BUD cavitating b. more mang” the 
Bump i consult 
primed (—0.21 bar) pump 
FCR 1 of mercury 
| 
Check NO 
the 
pump 
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System test for piston pumps 


Outlet 


— GAIA 





Load 
system 


Check 
pressure 
when motion 
has stopped 


Correct 
the 
rotation 


Adjust 
compensator 
setting 


| Ргіте 
pump 


Check 


the relief 
valve 











NO 


YES 


YES 





NO 


NO 


YES 




















NO 






Is the 
pump shaft 
rotating 








| YES 
V, 






Is the 
system 
off-loaded 









NO 








Is there 
motion 
taking 

place 









NO 


ls the 
drive 
rotation 
correct 









Ц YES 





Is the pump 
compensator 
adjusted 
correctly 










down the 
relief valve 
tank line 
























INLET 
& OUTLET 


PVB 10% 15 
РҒВ 10% 15 


Is there а 

pressure YES 
reading at 

pump outlet 












15 pressure 
reading normal 
system 

pressure 






Is the 
pump comp- 
ensator adj- 


compensator 
setting 


Re-adjust 

relief NO 
valve 

setting 








relief valve 
adjusted 
correctly 







Is there 
motion 
taking 
place 


Check 


pressure YES 
when motion [< 
has stopped 










Is there 
flow from 
any valve 

return line 


Check for 
leakage YES 





in the 
system 







Check the 
case drain 
flow 






is the 
drain flow 
excessive 


NO 


Continued on 
page 24 

























INLET 
& OUTLET 


PVB 20 & 29 






Is the system 
problem 


Insert flow 
meter in 
pump outlet 


Is the flow 
from the 
pump 
correct 


Is there 
flow passing 
down the 
relief valve 
tank line 


Is the 
pump on 

maximum 
delivery 









































NO 


YES 





YES 





NO 


» 


PEN 
esi 


ь 
е 





Check next 


unit on 
list 





Check next 
unit on 
list 








Re-adjust 
max. stop 


and/or 
compensator 
setting 
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System test for piston pumps (continued) Algo A.2 





Continued from 
page 23 





Check the 
vacuum at 
the pump 















Pump is 
cavitating 
consult 

FCR1 


Is the vacuum 
more than 5” 
(—0.21 bar) 

of mercury 
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Insert pressure 
















pressure 
maximum 
system 

pressure 


NO 













Is the 
system 

problem 
lack of flow 









Is there 
flow passing 
down relief 
valve tank 

line 








Continue 
on 
next 
chart 












Check the 
relief valve 

















Sytem test for pressure relief valves 






Is the 
system on 
load 


| vES 
V, 











15 there 
motion 
taking 

place 


NO 


Is the relief 
valve adjusted 


a flow from 
any valve 

tank return 
line 


Check the 
relief valve 












NO Load 
the 
system 






YES |Check pressure 
A when motion 
has stopped 


Re-adjust 
relief 
valve 





Check for 
leakage 
in the 
system 








9 PRESSURE 
px 
|j; OUTLET 
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ТР1 


- 


| 








em check for sequence valves 


TP2 


Check next 
unit on 
list 





©. 


МО 


YES 












Are the 
pressures 
correct 


Is the 
system 
problem 
lack of flow 


Is there 
excessive 
flow 

down valve 


RCT—06&10 















Is the 
valve adjusted 
correctly 


NO 











15 the 
. pilot signal 
correct 


NO 













YES 
drain line 


blocked 


Shut the system 
down in a safe 

condition & remove 
valve end-caps 











Re-adjust 
the 
valve 


Check 
the 
drain line 





Check next 
unit on 
list 















System test for Pressure reducing valves 


TP1 TP2 


XT-06 ХТ-10 XCT-06 XCT-10 XG-06  XG-10 XCG—06 XCG—10 


Insert pressure 
gauges in 
TP1& 2 












іс there a 
pressure 
reading 
at TP1 


ves Ie 
Is the 






Load the 
system 


Is the 
system 
on load 


NO 















Is there 







reading NO оног aia for 
qual to taking eakage іп 
full system the system 





place 





pressure 
YES Ц YES 


Check the 
pressure when 





Check the 
gauge in TP2 


motion has 
stopped 











Is the 
pressure 
reading 

correct 






Is the 


NO valve adjusted 


Re-adjust 






valve 






L, YES 


Is the 
system 
problem 
lack of flow 


| 
т YES 












NO Check next 
unit on 
list 






drain line 
restricted 








NO! Check next 
unit on 
list 


15 the 
drain flow 
excessive 






| 
Ш YES 





MAAT'O 
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System test for flow control valves 
TP1 ТРЗ ТР2 


system 
problem 
flow 
Ц YES 
Is the 
Correct NO valve 
installation installed 
correctly 


Is the 
NO valve 

adjusted 

correctly 





Insert 
gauge 
at TP1 









Is the 


| 






Check NO nd 
for loss norma 
in system system 





pressure 
ll YES 





Insert 
gauge 









System is 
stalled-Check YES 





Are the 

readings at 
TP1 and TP2 
the same 





when 
actuator 
is moving 






Valve is 
not compen- 
sating. 

Check valye 
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NO 


RE 


fon л 
L9) SE) 
FCG—02-1000 F*G—02—1500 


Insert 
gauge 
at TP1 


Is reading 

normal NO 
system 

pressure 


L YES 





Insert 
gauge 
at TP2 









15 reading 
normal 

working 
pressure 


YES 













Insert 
gauge 
at TP3 














Does 
gauge 

read the 
same as 
ТР1 





LA 
EN 
eZ 


FG—03—28—22 





Check 
for loss 
in system 





Check next 
unit on 


list 

















Check next 
unit on 
list 












DG17S4—06 


Insert gauges 
TP1& TP2 


Operate 
valve 
manually 
'P' to 'A' 

















Is there a 
reading on 
TP1 


Is the system Load the 


on load system 





YES Ц YES 


Check 


pilot 
supply 
















NO fis there 
motion taking 


Is reading 
full system 
pressure 





Check the 
valve 





Wait until 
motion has 
finished 




















Operate 
valve 

manually 
‘P’ to ‘B’ 
















Is there NO 
a reading 


on TP2 






Is the 
system on 
load 


Load the 







system 





YES 












Is there 
motion 
taking 

place 


is reading АМО 
full system 


pressure 





ener next Wait until 


unit on 
list 


motion has 
finished 
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System test for pilot operated 
check valves 


FRFE FLOW 


TP1 OUTLET 
: «— —— P 


OR REVERSED 
CONTROLLED 
FLOW INLET 


4CT—10 


Insert gauges 
at TP1 and 
ТР2 


Check pressures 
with flow 
passing through 
the valve 






is the 
pressure 

difference 
excessive 







NO 


Insert gauge 


Is pilot 
pressure 
sufficient to | 
open valve 






Does pilot 





problem y=]% when valve is 
creep required to 
close 





NO 


Check for 
restriction in 


Check next 
unit on 


list pilot line 
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System test for cylinders 





TP 


TP 


VAN N 
. LHP < I > 


SSS SF 





7 ————ss 





Double acting double rod 


Double acting 





Is the 










system YES | Bleed air 
problem Ер] from cylinder 
erratic bleed points 






motion 





Fully extend 
cylinder to 
end of stroke 


Off load or 
release system 
pressure at 
cylinder ports 


Disconnect 
annulus 
connection of 
cylinder 


Apply 
pressure to 
full 
bore end 













Is oil 
k 
leaking from V YES Chec 
ZD the 
annulus conn. . 
: cylinder 
on cylinder 





BUNNY F 


Algo Gil 





oli't E K+... CHL 


TRAINING ! 


System test for hydraulic motors 


М2--200--13 


Check pressure 
at motor 
inlet port 








Is pressure 
normal 

working 
pressure 


NO Check for 
| loss in the 
system ` 






Ц YES 


Check pressure 
at motor 
outlet port 








Is back 
pressure 
excessive 


YES Check for 
= restriction in 
return line 






Check motor 
drain flow 









Disconnect 

motor coupling | МО 
and rotate 

by hand 





Is drain YES 
flow 


excessive 











Ц YES 


Check next 
unit on 


list 
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System test for accumulators 
TP 


Insert test gauge 
in gas side of 
accumulator as 
manufacturers 
instructions 













Discharge 
fluid from 
accumulator 
and check 
gas pressure 








Is the 
pre-charge 
pressure 

correct 


NO 


ll YES 


Stop pumps 
and 
discharge 
accumulator 


Insert pressure 
gauge in fluid 
line 


Charge 
accumulator 
to fluid system 
pressure 











Is the 
pressure 
reading 
correct 


NO 


ll YES 


Check next 


unit on 
list 





Charge with 
nitrogen 

to correct 
pressure 





Is the 
pressure 
switch 
setting 
correct 










Re-adjust 
pressure switch 





YES 















Is the relief Check the 













valve of YES accumulator 
“мМ compensator >! according to 
adjusted manufacturer’s 


correctly instructions 


Re-adjust 


relief valve 
or compensator 





SUNNY | 
Rainin 





System test for coolers 





Check the oil 
temp at the 
outlet port of 
the cooler 


Is the temp 
too high 


Ц YES 
Is the 
water 


supply 
switched on 






! YES 






Is the 
thermostat 
adjusted 
correctly 


Re-adjust NO 


thermostat 





Ц YES 











Is the water 
outlet temp 
higher 

than water inlet 
temp 


D YES 


Is the 
ууатег inlet 


temp 
too high 











Is the oil 
flow through 
the cooler 

correct 


ll VES 


Check the 


cooler 
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Is there a 
difference 
between 

oil inlet and 
outlet temps 


Check when oil 
has reached 
working temp 





Check the 
cooler 








Check for 


losses in the 
system 





Cooler is 
working 


Check next 
unit on list 





Algo J.2 








 — -a 


| System test for air leaks 


nn - 
— 


Check pipe 


fittings 






Tighten 
or replace 






Are 
fittings 
tight 


worn 
fittings 






Ц YES 


Smear each 
joint with 
grease one 
at a time 













Has the 












Has the МО) Continue | 
ump noise along the pump noise 
ma joints changed 


changed 





Тһе last 
joint was 
causing 

aeration 









NO| Check the 


Algo L.1 


Smear 
with 


mp shaft 
ina grease 


seal 





Check that 
pump and 







Has the 
pump noise 
changed 


strainers 
are below 
fluid level 






Remove pump 
and replace 
shaft and 

seal if needed 










NO/ Are they 
below fluid 
level 


Fill tank 






to correct 
level 





Ц YES 


Check for 
porous hoses 


and pipe 
fractures 





SUNNY 
TRAIN NI 


| 
System test for fluid contamination 
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Draw off 

a fluid sample 
апа compare 
with fresh 
fluid 


milky white 


quantity 
into a test 
tube and 
heat 


oxidised 


“Сап а 

f popping 

. sound be 
heard at the 

test tube 


Ц YES 










This fluid 
is water 
laden replace 

















Allow fluid 
amples to 


tand for 
| hr together 





Allow 
fluid to 
stand 


| Do air 
| bubbles 


| appear at 
the surface 


4 YES 






The fluid 
is badly 

| aerated 

consult FCR 2 








| 


| 
Set up an 
inclined 
plane with 
a shallow angle 










| 
мо) This fluid 
is polluted 
replace 









A ————— 


Algo L.2 


Pour both 
samples on 


to the incline 
at the same 
time 





Did they The fluid 
both flow is of the 
at the wrong 
same speed viscosity 


Ц, YES 


Fluid 


viscosity Is 
correct 











Pump cavitation 


Fault 


PUMP 


CAVITATION 





Cause 


Suction strainer clogged 
or too small 


Bore of suction line 
too small 


Too many bends in 
suction line 


Suction line too long 


Fluid too cold 


Unsuitable fluid 


Air breather 
blocked or too small 


Local restriction in suction 
line, e.g. partly closed 
valve or hose collapse 


Failure of boost pump 


Pump running too fast 


Pump mounted too high 
above oil level 


FCR 1 
Remedy 


Clean or renew 


Fit larger bore pipes 


Modify pipe layout 


Reduce lengh or 
fit larger bore pipes 


Heat fluid to 
recommended temperature 


Replace with correct fluid 


Clean or replace element 


Open or modify 
valves, renew hoses, etc. 


Repair or replace boost pump 


Reduce to 
recommended speed 


Modify pump installation 


G 
~N 


Aeration of fluid | FCR 2 | 


Fault Cause Remedy 





Reservoir fluid level low Fill to correct level 


Poor reservoir design. Modify design 





| | | i 


| 
Return line in reservoir Extend return pipe 
above fluid level below fluid level 


Unsuitable fluid 





Replace with correct fluid 


| 
AERATION 





Pump shaft seal worn. 


Renew seals | 
-or damaged | 


Renew or tighten joints 


1 


өп line joints 
allowing entry of air 


Porous suction hose Renew hose | 


Improper bleeding Re-bleed syste 


| | | | | 
` 
= ET CENT WS — 
| B | | I H | | | 
————————— am lps CERNERET —€——— ыраны — 
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Re-start procedure 


Start 
the 


system 





YES 









Has the 











cause of the V NO 
failure been 
remedied 

ll YES 
Can dirt 
have entered YES 










the system by 
the unit failure 
or during 

replacement 






Is the 
unit the 
correct 
one 





ll vES 










Are all 
hydraulic 
connections 
correct 


NO 








Ц YES 


Are all 
electrical 
connections 
correct 





ll YEs 














Is the 
unit 
adjustable 


Have the 
cases of 
pumps 
& motors 
been filled 






li YES 










Will the 
system req- 
uire bleeding 
ог priming 


YES 









NO 








Have all 
safety inter- 
locks been 
removed 







ll YES 


Are all 
personnel 
aware the 
machine is 
re-starting 





NO 












NO 


Carry out 
further 
investigation 


Clean or 
flush the 
system as 
required 


Modify or 
replace 

with correct 
unit 


Remedy 
installation 


Remedy 
installation 







ls the unit 
adjusted to 
a safe cond- 
ition for 

start-up 


NO 












Bleed or 
prime as 
necessary 





Remove 
safety 
interlocks 





Sound alarm 
or inform 


all 
personnel 








Algo O.6 


Adjust 


to a safe 
condition 
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Introduction 

To illustrate the procedure described 
in this book, an example will be worked 
through in detail for a typical machine 
as shown on page 41. 

The Bar Trimming Machine consists 
ofa carriage which is driven backwards 
and forwards by a hydraulic motor. 
Mounted on the carriage is a traverse 
cylinder which moves a cutting torch 
across a metal bar. Two clamp 
cylinders hold the bar in place and a 
semi-rotary actuator pushes the bar 
onto a roller table at the end of the 
cycle. 

Assume that the operator has 
reported three problems which 
occurred simultaneously and prior to 
which the machine was operating 
satisfactorily. 


Symptoms 

1. The carriage drive motor is slow in 
both directions. 

2. The traverse cylinder is slow when 
extending. 

3. The system is running hotter than 
usual. 


Starting Point 

Start at the fundamental problem, ie; 
the slow movement of the carriage 
motor and traverse cylinder, using the 
heat problem as aclue. 

Since two machine faults have 
occurred it is not impossible that two 
faults have occurred in the hydraulic 
system simultaneously. It is more likely 
however, that one fault in the hydraulic 
system is causing both machine faults. 
The logical procedure therefore, is to 
look at each machine fault in turn and 
arrive at a list of units which may be 
responsible for that particular 
symptoms then look for units common 
to both lists, ie; units which could 
cause both symptoms. 


Machine Fault 1. 

Slow speed of carriage drive motor. 
Step 1. The symptom is one of speed, 
therefore, the problem is Flow. 


Step 2. Consult the circuit diagram and 
identify the units and their function. 


Step 3. List the units that could affect 
the flow to the carriage drive motor. 


(The object of this step is to narrow 
down the poner of units to be 
checked as much as possible. It is 
important however not to apply too 
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Bar trimming machine | 


Troubleshooting exercise 


much judgement at this stage, since it 
is better to have a long list rather than a 
short one which misses out the vital 
unit. 
It is very easy to overlook a component 
when drawing up the list, so for most 
systems it is safest to go through the 
parts list numerically and consider 
each unit in turn). 

Referring to the circuit diagram the 
following units may cause the problem: 


Unit No. Comments 

9. A partially closed inlet valve could 
starve the pump and hence the system 
of fluid (under these circumstances the 
pump would probably be cavitating and 
hence noisy but as mentioned above, 
do not apply too much judgement at 
this stage). | 


10. Ablocked inlet filter could cause 
the same effect. 

11. Low output from the pump would 
affect the carriage drive motor since 
the flow to the motor is not throttled by 
any flow control valves. 

13. A partially closed shut-off valve 
may have the same effect as a low 
pump output. 

16. A partially closed check valve will 
also have the same effect. 

17. Aleaking relief valve again 
reduces the effective pump output. 

18. Ablocked return line filter may 
restrict the exhaust flow from the 
motor. (A/though a by-pass is fitted the 
filter may have been installed the 
wrong way round). 

20. It can be assumed that the 
purpose of the accumulator in this 
system is to supplement the pump 
flow, therefore an incorrect pre-charge 
pressure may affect the flow rate from 
the accumulator. 

21. A partially closed isolating valve 
would tend to restrict the flow from the 
accumulator and hence to the motor. 
22. Ablow-down valve left open would 
reduce the effective flow from both the 
accumulator and the pump. 

30. Adirectional valve leaking 'P' to 'T' 
could reduce the flow to the carriage 
drive motor. 

31. Asabove. 

34. Anexcessive leakage down the 
drain line of the pressure reducing 
valve could again reduce the flow to the 
carriage drive motor. 


35. Arestriciion in the directional 
valve controlling the carriage drive 
motor (caused by a large piece of 
swarf, incomplete spool movement or 
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wrongly adjusted stroke adjusters for 
example) could reduce the flow to the 
motor. | 
(36 & 37. Although a leaking relief 
valve may affect the flow to the motor, 
two faults would have to occur to affect 
the speed in both directions ie. either 
36 & 37 both leaking or 36 & 38 leaking 
or 37 & 39 leaking. While this is not 
impossible it is probably very much 
less likely). 
40. As for 30and 31. 
42. As above. 
48. А worn or damaged motor having 
excessive drain leakage would reduce 
the effective flow to the motor. 
(49 & 50. From the solenoid 
energisation chart it can be seen that 
neither the traverse cylinder nor the 
eject rotary actuator are operating at 
the same time as the carriage drive 
motor, therefore a leakage in either of 
these two actuators would not affect 
flow to the Motor). 
51. Because the clamp cylinders are 
held down under pressure when the 
carriage drive motor is operating (refer 
to solenoid energisation chart) a 
leakage across the piston seals could 
affect the flow to the carriage drive 
motor. 
52. Asabove. 


Machine Fault 2. 

Slow speed of traverse cylinder when 
extending. 

Step 1. Again the symptom is one of 
speed, therefore the problem is Flow. 
Step 2. Consult the circuit diagram and 
identify the units and their functions. 
Step 3. List the units that could affect 
the flow to the traverse cylinder when 


extending. 
Unit Comments 

9. See Machine Fault 1. 
10. See Machine Fault 1. 
11. See Machine Fault 1. 
13. See Machine Fault 1. 
16. See Machine Fault 1. 
17. See Machine Fault 1. 
18. See Machine Fault 1. 
20. See Machine Fault 1. 
21. See Machine Fault 1. 
22. See Machine Fault 1. 
30. See Machine Fault 1. 
31. See Machine Fault 1. 
34. See Machine Fault 1. 
35. See Machine Fault 1. 
40. See Machine Fault 1. 
42. See Machine Fault 1. 


44. Failure of the by-pass check valve 
ie; jammed closed, in the flow control 
valve would restrict the flow to the 
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traverse cylinder when extending. 

49. A leakage across the piston seals 
of the traverse cylinder would reduce 
the effective flow rate to the cylinder. 
51. See Machine Fault 1. 

52. See Machine Fault 1. 

The units common to both lists ie; units 
which on their own could cause both 
machine faults are as follows:- 

9, 10, 11, 13, 16, 17, 18, 20, 21,22, 30, 31, 
34, 35, 40, 42, 51, 52. 

(Therefore, from a total of 52 units on 
the system the search has been 
narrowed down to 18 by doing no more 
than look at the circuit diagram, high- 
lighting the importance of being able to 
identify and understand circuit 
diagrams). 

Step 4. Arrange the list of units in order 
of checking. 

(The order in which units are checked is 
purely arbitrary and may be influenced 
by such things as past experience, 
layout of components, position of 
gauges etc., however, some units will 
inevitably be easier to check than 
others). 


(a) Shut-off valves can be checked 
very easily to ensure they are in the 
correct position, so these may come 
first on the list — 9, 13, 21, 22. 

(D Assuming indicators are fitted to 
the filters, these can also be checked 
easily — 10, 18. 

(c) A pressure gauge is fitted to the 
pump outlet port so the setting of the 
pump compensator and relief valve can 
be checked quite readily — 11, 17. 

(d) A pressure gauge is fittec to 
reducing valve 34 so the setting of this 
valve can be checked- 34. 

(e) Theclamp cylinders can be quickly 
checked for abnormal symptoms — 51, 
52. 

(f) The directional valves can now be 
checked for any abnormal 

symptoms — 30, 31, 35, 40, 42. 

(g) Finally check valve 16 can be 
checked for abnormal symptoms giving 
the complete list in order as — 9, 13, 21, 
22, 10, 18, 11, 17, 34, 51, 52, 30, 31, 35, 
40, 42, 16. 

Step 5. Preliminary check. 

(Before going to the trouble of fitting 
additional pressure gauges, flow 
meters etc., or of removing pipework, 
there are certain things that can be 
checked with the instrumentation 
already installed, or with the human 
senses of sight, touch, and hearing. 
Unless this step is carried out, it is very 
easy to overlook what in hindsight 
appears a very obvious problem, ie; 
look for the obvious first). 

For each of the units on the list the 
following questions should be 
answered where applicable. 

Is the unit correct? (model number). 

Is the unit installed correctly? 

Is the unit adjusted correctly? 

Is the external signal correct? 


Does the unit respond to the signal? 
Are there any abnormal symptoms 
(heat, noise etc.)? 

Assume that the preliminary check is 
carried out for each unit up to the 
clamp cylinder 52, which is unusually 
hot. 

Step 6. Algotest. 

Having discovered that one unit 
exhibits abnormal symptoms ie: heat, 
the unit can now be checked in more 
detail be referring to the system test 
sheet for cylinders ie: ALGO G.1 
Assume that having removed the 
connection from the rod end of the 
cylinder and pressurised the full bore 
side fluid is found to be leaking from 
the rod end connection, ie; the piston 
seals have failed. 

Step 7. The failed unit has now been 
located, and a decision can be made 
whether to strip the unit in situ and 
make a repair or replace the complete 
unit, removing the failed unit to the 
second line service area for further 
examination. 

Step 8. Think! 

Having made the repair or replaced the 
unit, thought should be given to both 
the cause and the consequence of the 
failure. Assuming the cylinder piston 
seals were damaged, the following 
questions should be answerd before 
the machine is restarted:— 

What caused the seals to become 
damaged? 

— contamination? 

— heat? 

— wrong seals? 

— wrong installation? 
etc. 

Will the failure have had any effect on 
the rest of the system? 

— If the seal has broken up,have 
particles of rubber entered the 
system? 

— has the oil become overheated and 
oxidised? 

— have any valves been adjusted to 
compensate for the leakage and will 
now require re-adjusting etc. 

By thinking about the cause and the 
consequence of the failure, the same 
problem (or a consequential one) may 
be prevented at a later date. 
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А comprehensive list of other service 
and training text books and visual aids 
is available from Vickers Systems 
Customer Training Centre. 


WICKERS systems uD 


PO Box 4, New Lane, 
Havant, Hants. PO9 2NB 
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